The results of coronary bypass grafting procedures were reviewed in 476 patients consecutively operated on. The operative mortality was lowered from 7 percent in the 6rst 100 patients to 0.8 percent in the remaining 376 patients. A comprehensive and detailed evaluation was performed by cardiologists in 122 patients operated upon early in the series and followed for more than 18 months. A n g i i was totally relieved or improved in 89 percent of patients. Four patients out of 122 had sustained new myocardial infarctions during the follow-up period. Eighty-two percent of patients were rehabilitated to return to their usual gainful employment or their usual mode of life. C oronary bypass grafting is now recognized by many as the therapeutic procedure of choice for selected patients with atherosclerotic heart disease. In general, patients with anginal syndromes and hemodynamically significant proximal or mid blocks of one or more of the major coronary arteries and fair left ventricular contractility are considered candidates for operation. Increased experience with patient selection and improvements in the technical aspects of the operations have lowered the operative mortality and morbidity progressively at our institution.
The results of coronary bypass grafting procedures were reviewed in 476 patients consecutively operated on. The operative mortality was lowered from 7 percent in the 6rst 100 patients to 0.8 percent in the remaining 376 patients. A comprehensive and detailed evaluation was performed by cardiologists in 122 patients operated upon early in the series and followed for more than 18 months. A n g i i was totally relieved or improved in 89 percent of patients. Four patients out of 122 had sustained new myocardial infarctions during the follow-up period. Eighty-two percent of patients were rehabilitated to return to their usual gainful employment or their usual mode of life. C oronary bypass grafting is now recognized by many as the therapeutic procedure of choice for selected patients with atherosclerotic heart disease. In general, patients with anginal syndromes and hemodynamically significant proximal or mid blocks of one or more of the major coronary arteries and fair left ventricular contractility are considered candidates for operation. Increased experience with patient selection and improvements in the technical aspects of the operations have lowered the operative mortality and morbidity progressively at our institution.
Recently, when reviewing results with coronary bypass grafting procedures, we noted that seven operative deaths occurred in our first 100 patients but only three mortalities occurred in the last 376 patients consecutively operated on (October, 1971 , to September 1, 1972) who had coronary bypass grafts alone performed. The factors which we think account for the lowered mortality are reviewed as well as longterm follow-up results. performed at outside facilities and were referred to St. Luke's Hospital Center for operation. The other half had catheterization studies performed at St. Luke's Hospital. The indications for operation were the presence of an anginal syndrome, a history of one or more major myocardial infarctions with persistent angina, and rarely ventricular dysrhythmias ascribed to myocardial ischemia. All patients operated upon in this series had anginal syndromes of some variety. Patients with preinfarctional angina as characterized by accelerated and prolonged angina at rest, an unstable electrocardiogram and normal serum enzyme determinations, were operated upon on an emergency basis. Thirty patients in this series fulfilled these criteria. When there was electrocardiographic or enzyme evidence of definite transmural infarction, operation was not performed and the patients were treated medically. Patients were selected for operation if good quality selective cine angiography indicated significant proximal obstructions in one or more of the major coronary arteries. In totally obstructed arteries, collateral flow with filling of distal major tributaries was considered adequate evidence that a vessel suitable for bypass grafting would be found. Left ventriculograms taken in the left and right anterior oblique projections were considered suitable for accurate assessment of left ventricular contractility. Forty-four percent of the patients operated upon had major scar contraction abnormalities of the left ventricle caused by old myocardial infarctions. None of the patients operated on was in frank congestive heart failure at the time of operation, though cardiac glycosides and diuretics had been received by some patients.
The age range of the patients was 19 to 78 with the median age being 52 years. Men constituted 84 percent of the operated on population and women 16 percent. A detailed review of coronary risk factors in the first 122 patients operated upon revealed a smoking history in 71 percent, obesity in 43 percent, hyperlipidemia in 40 percent, diabetes CORONARY BYPASS GRAFfING mellitus in 35 percent, hypertension in 29 percent. There was a family history of heart disease in 73 percent of these patients.
Patients are usually seen several weeks before operation as outpatients and advised to completely stop smoking. Cessation of smoking seems to be of extreme importance in attaining optimal lung function for the operative and postoperative period. If patients are receiving propranolol, the drug is stopped two weeks before operation, even if hospitalization is required to control angina and the heart rate. ' Elective patients are admitted two days before operation and are oriented for postoperative intensive care unit therapy. They are taught to use an intermittent positive pressure breathing machine to facilitate tracheal toilet in the postoperative period. Hexachlorophene soap showers are utilized to decrease the skin bacterial flora. Digitalis preparations are stopped three days before operation. Patients are advised to avoid taking nitrates en route to the operating room. Thiopental Na, 2 percent solution, is used to induce anesthesia and succinyl-choline is used to facilitate endotracheal intubation. Balanced anesthesia is used, and relaxation is acco~nplished with d-tubocurare. Analgesia is accomplished with intravenous fentanyl droperidol combination ( Innovar). Nitrous oxide in a 60 percent concentration is used. A volume controlled ventilator is adjusted to maintain blood gases within a normal physiologic range. When the heart is fibrillated on total cardiopulmonary bypass, the 111ngs are maintained in expansion by 100 percent oxygen at 5 to 7 n~l of water positive pressure.
Hypotension occurring before, during or following the induction of anesthesia is treated by the administration of a drip of epinephrine in a concentration of 4 mg/ml. In patients with severe stenosis of the main left coronary artery, the blood pressure is kept at elevated levels with epinephrine infusions until all cannulations for cardiopulmonary bypass are completed. Ventricular fibrillation occurred in this category of patient frequently in our earlier experience.2
Cardiopulmonary Bypass Techniques
A disposable blood oxygenator with a priming volume of 1800 ml (Temptrol disposable blood oxygenator, model Q 100 Bentley Laboratories) is used. No blood is used to prime the oxygenator. Homologous blood is added only if the hematocrit of the perfusate falls below 20 percent. Blood potassium levels are monitored and additional potassium is added to the oxygenator if the perfusate levels fall below 4.0 mEq/L.
Operative Techniques
We consider the internal mammary artery the bypass conduit of choice for obstruction of the anterior descending coronary artery.3.4 This vessel is dissected from the chest wall on a pedicle using electric cautery and no ties or clips. If the flow through the transected distal end of the mammary artery is greater than 50 ml per minute, this artery is used to bypass anterior descending artery obstructions. The right internal mammary artery is occasionally used to bypass FIGURE 1. The greater saphenous vein from the ankle to the knee is used for venous bypass grafts.
proximal right coronary artery obstructions if the distal coronary vessel wall is pliable. The long saphenous vein from the , calf was used for almost all vein grafts ( Fig 1 ) . In contrast to veins from the thigh, the calf vein is smaller and forms a better size match for the recipient coronary artery.&e The donor vein wound along the medial aspect of the calf is snugly wrapped with a circular pressure dressing to minimize hematoma fonnation during the remainder of the operation during which the patient is heparinized.
Total cardiopulmonary bypass with the left heart vented by a catheter placed through the right superior pulmonary vein and mitral valve is used in all patients. All distal anastomoses are performed with a fibrillating heart. Aortic cross clamping is rarely used to facilitate exposure and is avoided whenever possible. All distal or cardiac end anastomoses are performed with magnification techniques with the use of either an operating microscope or binocular loupes. ' Endarterectomies were never performed. Bypass grafts are anastomosed at a point in the involved arterial system where there is a suitable lumen and where the arterial wall is sufficiently pliable to best perform the anastomosis. Flow probe determinations are not performed though flow and resistance studies were performed in some patients.8 Temporary epicardial pacing wires are placed in patients with histories of transient heart blocks and arrhythmias or when there are conduction disturbances observed while discontinuing cardiopulmonary bypass. Permanent epicardial pacing electrodes were placed in two patients who had complete heart block preoperatively.
The patients were transferred from the operating room to an intensive care unit with an endotracheal tube in place and with mechanical ventilation. Curare is not antagonized but allowed to metabolize and dissipate spontaneously. Mechanical ventilation with a pressure cycled respirator is continued until vital signs, the cardiac rhythm and chest tube drainage have stabilized. Collected bottled heparinized blood from the oxygenator is transfused back to the patient to minimize blood transfusion exposure. Hypertension is treated vigorously with small doses of chlorpromazine to minimize bleeding in the early postoperative period.
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Chest drainage tubes, pressure monitoring lines and continuous electrocardiographic monitoring are removed or discontinued on the second postoperative day. Patients are then transferred to hospital wards without special nursing care. Therapeutic intermittent positive pressure breathing is used until the fifth postoperative day. Prophylactic antibiotics are used for five days. Anticoagulation therapy is not used in the postoperative period unless there is a specific indication such as pulmonary emboli. Patients with uncomplicated postoperative courses are usually discharged from the hospital on the tenth postoperative day.
The most frequent serious postoperative complication encountered was bleeding. In this consecutive series of 476 patients, 34 required reexploration. A second reexploration was required in one patient. Early reoperation is performed for postoperative bleeding to avoid crisis situations the next day when the operating teams and facilities are busy. Specific bleeding points were rarely found at reoperation. The bed from which the mammary pedicle is dissected and the pedicle itself was a rare site of postoperative bleeding.
There were three major sternal wound infections and two minor infections. One late death was a direct complication of a severe wound infection. Sternal wound healing was unimpaired in the remaining patients though the left internal mammary artery was dissected with an electrocautery technique in 251 patients and bilaterally in eight. Anatomic studies indicate the internal mammary artery to be the predominant blood supply to the ster- Postoperative chest x-ray f2ms have thus far shown no osteosclerosis to suggest aseptic necrosis of the sternum.
In 429 patients the donor vein was the greater saphenous vein taken between the ankle and the knee. Five patients had thigh veins used. Other patients had mammary grafts only. No wound infection or sloughs occurred in any of the lower extremity wounds and healing was uneventful in all. Postoperative leg vein thrombophlebitis was diagnosed in two patients during their postoperative hospital stays.
Eleven operative deaths occurred in 476 patients yielding a total operative mortality of 2.3 percent (Table 1) . One death was considered technical and was due to air embolus. Two deaths were due to cardiac tamponade that was diagnosed seven days following operation and after the patients had been transferred from the intensive care units to the wards. Both patients had manifested a low cardiac output state that was incorrectly attributed to myocardial factors. A pulmonary embolus occurred on the ninth postoperative day in a patient with a past history of phlebothrombosis and whose thigh vein was used as the donor vein. One patient died of a sudden arrhythmia five days following an emergency triple bypass graft for an impending myocardial infarction. At her operation a transmural None preop but present p t o p infarction was observed. Two deaths were in patients whose coronary arteries were found to be unsuitable for anastomosis at the time of operation. Though anastomoses were eventually performed the quality of the recipient arteries was so poor that suitable patency was considered doubtful. Poor cardiac output in two patients was thought secondary to the pharmacologic effect of propranolol that the patients were taking preoperatively. A cerebrovascular accident probably secondary to an embolus originating from a mural thrombus accounted for another death. A fatal myocardial infarction was the cause of an operative death in one patient. This patient had a diffusely scarred left ventricle but had pliable distal vessels. Three bypass grafts were constructed.
CORONARY BYPASS GRAFTING
Seven patients died at periods in excess of four weeks following operation and are classified as late deaths ( Table 2 ) . Two patients died of intractable congestive heart failure 6 and 17 months following a single and a double bypass graft. Both patients had diffusely scarred left ventricles preoperatively caused by past myocardial infarctions. In the latter patient on whom a postmortem examination was performed, the anterior descending mammary graft was patent but a right vein graft was occluded. One patient died of bleeding secondary to a deep wound infection that involved one of the vein bypass suture lines. Fatal myocardial infarctions ocMost of our patients live in the Greater New York area and return with little inconvenience to St. Luke's Hospital for reevaluation. A careful follow-up and reevaluation was performed by our cardiology staff in 122 patients whose time interval between operation and reevaluation was greater than 12 months. History, physical examination, blood lipid studies, chest x-ray films, and standard electrocardiograms were performed on all patients. Stress electrocardiograms were performed in patients who had positive tests preoperatively.
Angina pectoris was totally absent in 67 percent of patients (Table 3) . Thirty-three percent of the patients had symptoms that were considered possibly to be angina. In two-thirds of the patients who had residual angina the angina was of less severity than before operation. Angina was totally relieved or improved in 89 percent of the patients who were operated upon.
Of the 122 patients seen for longterm follow-up, six patients had sustained electrocardiographic my;-cardial infarctions in the immediate postoperative period though their postoperative recovery periods were clinically uncomplicated (Table 4) . Three patients had acute myocardial infarctions documented at other hospitals in the postdischarge follow-up period. In one patient who had been asymptomatic there was electrocardiographic evidence of a transmural myocardial infarction. The electrocardiogram in 92 percent of patients followed for more than one year showed no new evidence of infarction when compared with the preoperative --electrocardiogram. In patients who had congestive heart failure before operation bypass grafting had essentially no effect in relieving this symptom complex though angina was relieved (Table 5 ). This is in striking contrast to patients who have bypass grafts combined with ventricular aneurysm resection where cardiac failure is usually dramatically improved.
Supraventricular arrhythmias (Table 6 ) were generally unaffected by operation though two patients who had had repeated bouts of ventricular tachycardias were relieved of this arrhythmia by improvement of myocardial blood flow.
Eighty-two percent of our longterm follow-up patients were returned to useful and productive endeavors ( Table 7 ) . Eighteen percent remained unemployed. Usually patients return to their previous 'occupations two to four months following operation.
COMMENTS
In the 26 month period from June, 1970 to September, 1972, coronary bypass grafting operations were performed on 476 patients. With increased experience in the performance of this operation, the operative mortality was lowered from 7 percent in the first 100 patients to 0.8 percent in the last 376 patients consecutively operated on. We feel that the major factors that account for this lowered mortality are: ( 1 ) increased experience with the performance of small vessel anastomosis, ( 2 ) use of the internal mammary artery and smaller veins from the calf as the bypass conduits of choice, (3) total avoidance of endarterectom y, ( 4 ) avoidance of aortic cross clamping while performing anastomosis, and (5) cessation of propranolol one week to ten days before operation.
Our results with bypass grafting procedures for coronary atherosclerosis lead us to conclude that bypass grafting is the therapeutic procedure of choice for patients with angina and hemodynamically significant obstructions of one or more major coronary arteries.
Women's Lib in the 17th Century
Excluded from the coffeehouses, women, however, achieved in other places a new unwonted eminence. Women's participation in scientific readings and pursuits became part of their role in the salon. In 1663, the Duchess of Newcastle came out in favor of the education of women. Her argument was much the same as the one John Stuart Mill used two centuries later. Englishmen, she wrote, were in danger of becoming "Irrational 
